The conjugative transposon Tn916 inserts with widely different frequencies into a variety of target sites with related nucleotide sequences. The binding of chimeric proteins, consisting of maltose-binding protein fused to Tn916 integrase, to three different target sequences for Tn916 was examined by DNase I protection experiments. The C-terminal DNA binding domain of the Tn916 integrase protein was shown to protect approximately 40 bp, spanning target sites in the orfA and cat genes of the plasmid pIP501 and in the cylA gene of the plasmid pAD1. Competition binding assays showed that the affinities of the three target sites for Tn916 integrase varied over a greater than 3-but less than 10-fold range and that the cat target site bound integrase at a lower affinity than did the other two target sites. A PCR-based assay for transposition in Escherichia coli was developed to assess the frequency with which a defective minitransposon inserted into each target site. In these experiments, integrase provided in trans from a plasmid was the sole transposon-encoded protein present. This assay detected transposition into the orfA and cylA target sites but not into the cat target site. Therefore, the frequency of transposon insertion into a particular target site correlated with the affinity of the target for the integrase protein. Sequences within the target fragments similar to known Tn916 insertion sites were not protected by integrase protein. Analysis of the electrophoretic behavior of circularly permuted sets of DNA fragments showed that all three target sites contained structural features consistent with the presence of a static bend, suggesting that these structural features in addition to the primary nucleotide sequence are necessary for integrase binding and, thus, target site activity.
binases (32, 33, 43) . It contains the conserved residues His, Arg, and Tyr, which are involved in strand cleavage reactions catalyzed by this family of enzymes (29) (30) (31) (32) . The integrases of Tn916 and Tn1545 have identical sequences except for one amino acid at position 9 (32, 43) . They are interchangeable (5, 25) . In gram-positive bacteria, as determined by a conjugation assay, int is required only in the donor cell for transposition (5) . In gram-negative bacteria, int is necessary and sufficient for excision of Tn1545, while xis increases the frequency of excision (32) . However, in the case of Tn916 it has been reported that both int and xis are required for excision, as determined by assays for the detection of segregants that have lost the tetM marker carried by Tn916 (43) .
Several properties of these conjugative transposons have been revealed by DNA sequence analysis. They contain repeated sequences (DR-2) close to both ends of the transposon which share the consensus sequence AGTAGTAAATT (9) . The transposon termini are characterized by a T (left end-TTTGTTT) or A (ATAAAAA-right end) tract with a 6-bp adjoining region which is termed the coupling sequence (9, 32) . Tn916 (and Tn1545) insertion sites share similar features (39) . All of them contain highly T-or A-rich regions flanking a 6-bp sequence of random composition. Based on the comparison of a variety of target sites and transposon termini before and after integration, a staggered cleavage model has been proposed for conjugative transposition (6) . According to the model, when the transposon excises from donor DNA, staggered cleavages occur at both ends of the transposon at the ends of the flanking coupling sequences. The coupling sequence present in the DNA prior to transposon insertion and the coupling sequence brought in with the transposon are not usually identical. Therefore, religation forms a closed circular transposon intermediate with a 6-bp heteroduplex region lying between the ends of the transposon (6, 40) . During integration, staggered cleavage is proposed to occur at the ends of coupling sequences in the intermediate as well as in the new target site. Ligation between the transposon DNA and target DNA produces 6-bp heteroduplex regions at both ends of the integrated transposon which can be resolved during replication. When purified circular transposon intermediate is used to transform Bacillus subtilis protoplasts, both coupling sequences in the intermediate reappear in the transformants at about the same frequency (6) . However, in natural transconjugants between Lactococcus lactis and Enterococcus faecalis, only the 5Ј coupling sequence is recovered (39) . This suggests that in normal conjugation only one strand of the intermediate is transferred to the recipient. For most transposons, insertion events occur at a variety of locations, some with little DNA sequence specificity, as in the cases of the Tn3 family (17, 46) and Tn5 (2, 27) , or by use of a specific recognition sequence, as in the case of Tn10 (1). Some transposons, such as Tn7, will insert close to a unique site in the bacterial chromosome (24) , but generally transposons do not show the same specificity of insertion as that of phage lambda (reviewed in reference 23). Examination of a number of target sites for Tn916 and Tn1545 (compiled in reference 39) shows that the bases most likely to be present in a target are TT/ATTTTNNNNNNAAAAAA/TA, where the central 6 positions can be any base. These target sites are used with very different frequencies during transposition in grampositive bacteria. In one study it has been shown that 95% of insertions into a derivative of pAD1 have as their target a sequence within the cylA gene (20) . Two targets from pIP501 (4, 13, 44) in the orfA and cat genes were examined in a different study (39) , and integration of Tn916 into the orfA target occurs much more frequently than integration into the cat target. It is estimated that insertions into the orfA target account for Ͼ50% of insertions into pIP501 (39) . A synthetic oligonucleotide identical in sequence to the joined ends of a circular intermediate form of Tn1545 acts as a preferred site of integration when cloned onto a plasmid in Escherichia coli (though not when integrated into the chromosome of E. faecalis), and so it has been suggested that the more closely a target site resembles the transposon, the more frequently it will be used (45) . We have shown that Tn916 integrase contains two functional DNA binding domains (25) . An N-terminal domain binds specifically to a region within each end of the transposon that contains the repeated DR-2 sequence elements. An independent C-terminal domain binds specifically to the transposonbacterial DNA junction and protects about 20 bp of bacterial DNA and 20 bp of transposon DNA as well as the intervening coupling sequence. Since the protected bacterial segments were originally joined to serve as the target site for Tn916 insertion, these results suggested that Tn916 target sequences should also be recognized and bound specifically by the integrase. Furthermore, one might expect that the frequency of integration into a given target sequence would depend on the affinity of integrase protein for the target. To test these notions, we examined binding of purified Tn916 integrase to the three different target sequences in the cylA gene of pAD1 (20) and in the cat and orfA genes of pIP501 (39) . We present data about the natural configuration of the target sequences and show that they are used with different frequencies in E. coli.
MATERIALS AND METHODS
Media. Bacteria were grown in LB medium (26) at 37ЊC with agitation. Resistance to antibiotics was selected at the following concentrations: ampicillin, 50 g/ml; chloramphenicol, 34 g/ml; kanamycin, 50 g/ml; spectinomycin, 50 g/ ml; and tetracycline, 10 g/ml.
DNase I footprinting analysis. Three DNA substrates were prepared by PCR amplification (37) and cloned into vector pUC18 (48) between EcoRI and HindIII sites. Fragment TGT001 (344 bp) was amplified from plasmid pIP501 (13), using primers 5Ј-CAACAAGTAAAGCTTCAATCAGT-3Ј and 5Ј-GTGA TTTTTTGAATTCTACTACG-3Ј. It contained part of the orfA gene (4) from bp ϩ66 to ϩ400 (ϩ1 is the first base of the coding sequence of the gene). Fragment TGT003 (282 bp) was amplified from pIP501, using primers 5Ј-CGAACG AAAAAGAATTCCAAAAGCAG-3Ј and 5Ј-GTAATGCTATAAGAAGCTT GCTGATTA-3Ј. It contained part of the cat gene (44) from bp ϩ14 to ϩ296. TGT004 (358 bp) was amplified from plasmid pAD1 (10), using primers 5Ј-CAC TTTCTTTTGGAATTCGTTTAGC-3Ј and 5Ј-TAAATAATCCAAAAGCTTA GTGCCC-3Ј. It contained part of the cylA gene from bp ϩ1160 to ϩ1518. DNase I protection assays were carried out with these cloned DNA substrates by using the fused maltose-binding protein-integrase (MBP-INT) proteins MBP-INT and MBP-INT 82-405 as previously described (25 Competition binding assay. Reaction conditions for competition footprinting assays were the same as described above except that fused integrase proteins were incubated with different amounts of excess competitor DNA fragments for 20 min prior to the addition of radiolabelled TGT004 cat fragment. Incubation was then continued for a further 20 min, after which DNase I was added for 2.5 min.
Plasmid construction. E. coli DH5␣ was used for plasmid construction. The PvuII fragment of pUC18:Tn1545del4 (32) containing the entire Tn1545del4 minitransposon was inserted into the SmaI site of vector pGB2 (8) to yield plasmid pB002. Plasmid pB031 contained the entire Tn916 int gene cloned into vector pUC19 (48) between the BamHI and EcoRI sites, under the control of the lac promoter. Plasmids pB1051, pB1053, and pB1054, whose construction is explained below in the section describing circular permutation assays, were digested with BamHI and HindIII. The resulting fragments containing the Tn916 insertion sites were cloned into vector pACYC184 (7) between the BamHI and HindIII sites, yielding plasmids pBY051, pBY053, and pBY054 (pBY-series). Fragment TGT005 (bp ϩ1312 to ϩ1340 of cylA) was obtained by annealing two oligonucleotides, 5Ј-AAGCTTCTGATTCTTTTATAGATAAAAATAGCA TG-3Ј and 5Ј-GGATCCATGCTATTTTTATCTATAAAAGAATCAGA-3Ј. It was cloned into pACYC184 to yield plasmid pBY055.
Transposition assay in E. coli. DH5␣ competent cells were transformed with pB031 (producing the int protein), pB002 (carrying the defective minitransposon Tn1545del4 [32] ), and one of the pBY-series plasmids (carrying a target sequence). The transformants were then grown in LB medium with selection for ampicillin, chloramphenicol, and kanamycin resistance and 0.003 mM IPTG (isopropyl-␤-D-thiogalactopyranoside). When the optical density at 600 nm reached 0.55, samples from which plasmid DNA was prepared were taken. This mixture of plasmids was used as a template in PCRs. These reactions were carried out with Taq polymerase from Boehringer Mannheim, using the recommended reaction buffer with 1.5 mM MgCl 2 . After incubation at 95ЊC for 5 min, 55ЊC for 4 min, and 72ЊC for 4 min, the reaction mixtures were incubated for 25 cycles of 1 min at 94ЊC, 1 min at 42ЊC, and 1 min at 72ЊC. The primer set L was 5Ј-CCACGATGCGTCCGGCGTAGA-3Ј (near the BamHI site of pACYC184) and 5Ј-GCTGAAGTATCTTCCTACAG (from the left end of transposon Tn916). The primer set R was 5Ј-CCACGATGCGTCCGGCGTAGA-3Ј (near the BamHI site of pACYC184) and 5Ј-GGATAAATCGTCGTATCAAAGC (from the right end of transposon Tn916). The control primer pair was 5Ј-GTCGTATCAAGGATCCTTCCAT-3Ј and 5Ј-CTGGCAAAGCTTCATT TACTATCATACA-3Ј from the Tn916 int gene on plasmid pB031. Each PCR mixture contained the pair of control primers and either primer set L or set R. To confirm the identity of the PCR products from primer set L or R, they were further purified by using the Wizard PCR Preps purification system (Promega), and their sequences were determined by using the fmol DNA Sequencing System (Promega).
Circular permutation assay. The three TGT-series target fragments were digested with different restriction enzymes, and the appropriate fragment was treated with S1 nuclease and cloned independently into the SmaI site of the circular permutation vector pCY4 (35) . TGT001 was digested with AflIII and AflII to produce a 162-bp fragment. TGT003 was treated with EcoRI and DraI to produce a 152-bp fragment, and TGT004 was treated with Sau3A and HhaI to produce a 158-bp fragment. The resulting plasmids were named, correspondingly, pB1051 (orfA), pB1053 (cat), and pB1054 (cylA). Plasmid DNA was prepared by using the Promega Wizard Maxipreps purification system and digested with the enzymes listed in the legend to Fig. 8 to produce a series of permuted fragments approximately 545 bp in length. The digested DNA was electrophoresed on 5% polyacrylamide gels (75:1 acrylamide-bis-acrylamide) at 150 V, 4ЊC overnight, and stained with ethidium bromide.
RESULTS
Tn916 integrase protects a 40-bp region around transposon insertion sites. Using DNase I protection (15), we examined the interaction between three target sequences of Tn916 and fused MBP-INT proteins which carried different segments of integrase. DNA fragment TGT001 was amplified from the orfA gene of pIP501 (4) . Fragment TGT003 was amplified from the cat gene of pIP501 (44) , and fragment TGT004 was amplified from the cylA gene of pAD1 (10) . These fragments were radiolabelled and used as probes in DNase I footprinting assays. , containing the entire integrase protein, protected weakly a region spanning 40 bp centered at the Tn916 insertion site. Each target site contained strong DNase I cleavage sites (indicated by asterisks in the figures) that were not protected by the fused protein at the concentrations used in these assays. Examination of lanes 7 through 10 ( Fig. 1 to 3) shows that a stronger protection pattern was obtained for the fused protein MBP-INT 82-405 , carrying the C-terminal portion of the integrase. At high concentrations of protein, complete protection of all three target sites was observed. More protein was required to provide complete protection of the cat target fragment (10 ng/l) than of the orfA and cylA targets (3 ng/l), indicating that this fragment had a lower affinity for integrase. For all three target sequences, a region of approximately 40 bp around the Tn916 insertion site was bound specifically by the C-terminal fragment of the integrase protein. The sequences of the protected regions in the three target sequences and the relation between the protected regions and the sites of Tn916 insertion are summarized in Fig. 4 . The extent of the protected region in each target was slightly different. Affinity of integrase for different target sequences. To confirm that the cat target site had a lower affinity for integrase than the other two sites, competition binding assays were carried out to compare the binding affinities of the fused integrase proteins for the three target sequences. Target fragment TGT003 cat was used as the probe in DNase I protection assays. Fused integrase protein was preincubated for 20 min with different excess amounts of unlabelled competitor target DNA fragment, and then radiolabelled fragment was added, followed, after 20 min of further incubation, by DNase I. Since binding equilibrium is achieved in less than 5 min (see Materials and Methods) and the binding affinities are relatively weak, these conditions should be sufficient to reach equilibrium bound protein. In contrast, a 100-fold excess of cat target DNA was required for complete competition. These results confirmed the results of the binding experiments shown in Fig. 1 to  3 and indicated that differences in the relative binding affinities of the integrase protein to the target fragments were more than 3-but less than 10-fold and that the cat target had a lower affinity than the orfA and cylA targets. Use of target sequences in E. coli. Since the orfA and cat target sequences were identified in one study (39) and the cylA target was characterized in a separate study (20) , the relative frequencies of use of all three targets have not been directly compared. We established an in vivo transposition system in E. coli and compared the integration frequencies for different target sequences, using a PCR assay to detect transposition products. Three DNA fragments, each about 160 bp in length and derived from the original target fragments (TGT001, TGT003, and TGT004), as well as a 41-bp DNA segment (TGT005) containing just the integrase-protected region from the cylA target sequence, were cloned separately into plasmid pACYC184. The resulting plasmids (pBY-series) were transformed into an E. coli strain carrying plasmid pB002, containing a defective minitransposon Tn1545del4 (32), as well as plasmid pB031, carrying a cloned Tn916 integrase gene. Transposition of the minitransposon into a target site cloned on vector pACYC184 was detected by a PCR assay with a pair of primers, one annealing to the sequence adjacent to the cloned Tn916 target site on pACYC184 and the other annealing to (Fig. 7A) or right (Fig. 7B ) end of the transposon. A set of primers from the Tn916 int gene was included in the PCR to control for variations in amplification in different reactions. By using DNA preparations from the strains carrying pBY1051 (orfA), pBY1054 (cylA), and pBY1055 (cylA), PCR products with the size expected for integration into the cloned target site were observed (Fig. 7) . Such a product was not observed, using as the template DNA preparations from the strains carrying pBY1053 (cat) and pACYC184 with no cloned target sequence. The failure to observe a product consistent with insertion into cat was not due to a failure in the PCR. The same pair of primers was used in all reactions to detect transposition, and a control fragment was successfully amplified in all reactions. In addition, mixing experiments (not shown) showed that it was possible to amplify a product of the size expected for insertion into a synthetic cylA target in the presence of the cat target template DNA preparation. As shown in Fig. 7 , amplified fragments consistent with integration in both orientations into orfA and cylA were observed. The PCR fragments containing the transposon insertion products were further characterized by DNA sequencing, and the insertions into orfA and cylA were in the same position as previously observed (20, 39) . Therefore, in E. coli, the frequency of insertion into orfA and cylA was higher than that into cat, confirming previous observations from studies using genetic methods to recover insertions into the three different target sequences in gram-positive bacteria (20, 39) . Thus, the preferential use of the orfA and cylA target sites correlated with their higher affinity for integrase protein. In addition, insertion into a cloned sequence consisting of only the integrase-protected region of cylA was observed. Therefore, deletion of the sequences flanking the protected region of the cylA target did not significantly reduce the frequency of insertion into this site. Similar results were obtained for the target site from the orfA gene (data not shown). All three target sequences have a structure consistent with a static bend centered at the site of insertion. The DNase I cleavage patterns of the three target sequences (TGT001, TGT003, and TGT004) without the addition of the integrase are shown in lanes 1 and 2 of Fig. 1 to 3 . There was a pattern of alternately increased and decreased sensitivity to DNase I treatment, with sites of maximum sensitivity (indicated by asterisks in the figures) about 11 bp apart. This was especially obvious for TGT001 (orfA) and least obvious for TGT003 (cat) (Fig. 1) . DNase I footprints with a similar pattern have been observed for many kinds of intrinsic or protein-induced DNA bends (e.g., see references 12 and 18). Examination of the nucleotide sequences flanking the sites of insertion showed that the target fragments contain multiple A/T tracts characteristic of bent DNA (22) that extend beyond the region protected by Int.
To confirm that the target fragments possessed a structure consistent with the presence of a static bend, we carried out a circular permutation analysis of the fragments (47) . Similarsized regions from each target fragment were cloned separately into the permutation vector pCY4 (35) , between repeated segments carrying multiple restriction enzyme cleavage sites (Fig.  8A) . For each target sequence, treatment with different restriction enzymes produced a set of circularly permuted DNA frag- ments with the same size, approximately 545 bp. The mobility of the circularly permuted DNA fragments in polyacrylamide gels was determined. Figure 8B shows an example for plasmid pB1054 containing the Tn916 target sequence derived from the cylA gene of pIP501. Fragments containing the target sequence in different locations had different relative mobilities. Similar electrophoretic behavior was observed for sets of circularly permuted fragments containing the other target sequences, consistent with the notion that the fragments possessed a static bend. In Fig. 8C , the relative mobility (the ratio of the real molecular weight to the apparent molecular weight) is plotted against the distance between the restriction enzyme cleavage site and the end of the cloned target sequence. For all three target sequences tested, the fragments with the lowest relative mobility were produced by cleavage with RsaI and EcoRV, which contained the cloned target in the middle of the fragment (Fig. 8A) . Interpolation of the results shown in Fig. 8C showed that the apparent center of bending was located approximately in the middle of the target fragment within the region protected by integrase.
DISCUSSION
Binding of Tn916 integrase to target sequences. Protection from cleavage by DNase I was used to identify the integrase binding site in three different target sequences for Tn916 integration. The C-terminal domain of integrase bound and protected approximately 40 bp in each target. The protected region was centered on the insertion site. This pattern of protection was similar to that observed at the ends of the integrated transposon where about 40 bp of transposon and flanking host DNA was protected by the C-terminal integrase domain (25) . These results are consistent with a model in which two integrase molecules bind either the transposon end and flanking DNA or the target sequence. Similar patterns of binding have been observed for other members of the integrase family of recombinases and their DNA substrates (e.g., see references 3, 23, and 41). We have previously shown that the N-terminal domain of integrase binds to regions within the transposon containing DR-2 repeats (25) , and so it is tempting to speculate that a single integrase molecule can bind both the circular form of the transposon and the target sequence and thus help align the recombining molecules during integration. This behavior has been demonstrated for lambda integrase which also contains two DNA binding domains (21, 28) . The C-terminal domain of lambda integrase recognizes core-type sites at the end of the phage DNA, and the N-terminal domain recognizes arm-type sites inside the phage DNA. 
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Tn916 INTEGRASE TARGET BINDING 1943 We have consistently observed that MBP-INT 82-405 binds more strongly to specific DNA binding sequences than does MBP-INT 3-405 , as is evident in Fig. 1 to 3 as well as in findings from previous experiments (25) . This difference in binding behavior may have a trivial explanation, since these are chimeric proteins. However, this may reflect a real difference in binding, with implications for the mechanism and regulation of transposition. It is possible that the C-terminal domain of native Int can only bind effectively to target sequences when bound to the circular transposon intermediate by its N-terminal domain. As far as possible regulation is concerned, by mutating putative internal translation initiation codons we have shown (unpublished results) that the int gene produces several truncated proteins that all contain the C-terminal DNA binding domain of Int. Western blot (immunoblot) experiments indicate that these shorter forms of Int are the most abundant forms present in the cell (at least in E. coli). Therefore, as previously suggested by Flannagan and Clewell (cited in reference 25), these shorter forms of Int may regulate transposition.
The role of DNA bending in integrase binding. All target sites for Tn916 integration described to date (39) are related to a common sequence, TT/ATTTTNNNNNNAAAAAA/T. No base in this common sequence is conserved among all target sequences, and individual target sequences differ from the common sequence at several positions. Therefore, one can postulate that other sequences not represented in the collection of known target sequences but related to the common sequence will also bind integrase. However, both the cat and orfA target fragments used in these studies contain sequences similar to known target sequences but which do not bind integrase ( Fig. 9 ; pseudo-orfA and pseudo-cat). Therefore, it seems that factors other than primary nucleotide sequence may determine if a given sequence binds integrase and can be used as a target. Using circular permutation and gel electrophoresis, we have shown here that all three target sites tested, in the absence of integrase, behave in a manner consistent with the presence of a static bend. Interpolation of the gel electrophoresis results displayed in Fig. 8 indicate that the center of the presumed bend lies within the region of the target protected by integrase, close to the site of transposon insertion. These results suggest that DNA bending may play a role in the interaction between integrase and target sites. It is possible that formation of sequence-specific contacts between integrase and individual base pairs within the protected region requires a distorted structure. The core region of lambda attachment sites that is bound by the C-terminal domain of lambda integrase has been shown to contain a static bend (36) . Particular DNA structures have been proposed to affect target selection for other transposable elements such as IS1 and Tn10. In the case of IS1, a frequently used insertion site is found in pBR322. This site can be bound by integration host factor, which induces a bend in the DNA (34) . For Tn10, all insertion sites share a symmetrical consensus sequence, 5Ј-GCTNAGC-3Ј. However, this consensus sequence is necessary but not sufficient for target recognition (1). The 6-to 9-bp sequence flanking the consensus sequence also affects insertion frequency, although there is no consensus of flanking sequences. It has been suggested that the Tn10 transposition complex may interact with target DNA through recognition of a particular DNA structure (1) .
Frequency of target utilization correlates with the affinity of integrase for the target. The interaction between the transposon and target DNA is presumably mediated by integrase. Therefore, one would expect that the frequency with which a target is used will depend upon its affinity for integrase. Our results support this hypothesis. All three target sequences bound Tn916 integrase with a greater than 3-but less than 10-fold difference in affinity, and the cat site showed a lower affinity than the other two target sites. In vivo conjugation experiments with gram-positive hosts have indicated that the orfA and cylA targets are preferred sites for insertion of Tn916 and that the cat target is used less frequently. We were unable to detect transposition into a cloned cat target in E. coli using a PCR-based assay but could detect transposition into cloned orfA and cylA target sites. Together, these results suggest that the affinity of the target for integrase can determine target utilization in vivo, although the relationship between specific binding affinity and functional binding remains to be determined.
Role of integrase and xis proteins for transposition in E. coli. Using a PCR assay, we were able to detect transposition of a defective minitransposon, Tn1545del4, in E. coli, catalyzed by Tn916 integrase alone. This means that the xis protein is not required for transposition into the cylA and orfA targets. By using gel electrophoresis to detect DNA restriction fragments from which the transposon has excised, it has been shown that xis is not required for Tn1545 excision in E. coli but that it stimulates the reaction (32). However, by using a genetic screen to detect E. coli that had lost the tetM gene carried by Tn916, it was found that both int and xis proteins are required for excision of Tn916 and segregation of transposon-free cells (43) . The discrepancies in these results presumably reflect the different assays used. The biochemical assays, particularly those involving PCR amplification, can more readily identify rare excision and transposition products even when intact copies of the transposon remain in their original location on other plasmids in the cell and prevent tetracycline-sensitive cells from segregating during subsequent growth.
Orientation of insertions into a target site. Since the two ends of the transposon are not totally symmetrical, it is possible that alignment between the transposon and target will be more likely to occur in one direction than the other, and this preference will be reflected by the relative frequency of insertion in each orientation. In the case of the cylA target, in conjugation experiments with gram-positive bacteria, all insertions exam- ined by DNA sequencing were in one orientation (19, 20) . In this orientation this target sequence has 2 nucleotides which are different from those in the transposon ends ( Fig. 9 ; (ϩ) orientation). The reverse orientation is a worse match with the transposon ends, having four mismatches ( Fig. 9 ; (Ϫ) orientation), and this orientation is not used. However, in the E. coli transposition system described here, where the only transposon-encoded protein present is integrase, we detected insertions into the cylA site in both orientations. Other preferred target sites, including orfA and a synthetic oligonucleotide homologous to the ends of Tn1545, show insertion in both orientations, with approximately equal frequencies, although one orientation is a better match with the transposon ends than the other (Fig. 9) (39, 45) . These results are not consistent with the idea that the degree of similarity to the transposon ends determines the insertion frequency, unless one supposes that target selection and alignment are separate processes. The difference in the orientation of insertions into cylA in grampositive bacteria and in E. coli suggests that other transposon or host proteins can play a role in the orientation of an insertion into a particular target.
